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METHOD FOR INSPECTING INFERIORITY IN SHAPE 



BACKGROUND OF THE INVENTION 
1 . Field of the Invention 
5 The present invention relates to a method for inspecting inferiority in 

shape of such objects as semiconductor chips and lead wires, which is 
employed in semiconductor manufacturing processes, and more particularly, to 
a method for inspecting inferiority in shape of an object, in which shape 
inferiority of the object is inspected through a grayscale comparison operation, 
10 to thereby reduce the time required for inspection and lower the dependence 
upon a skilled worker in performing the inspection. 
2. Description of the Related Art 

A two-dimensional measuring method for measuring the shape of an 
object has widely been used for production automation of goods such as 
15 semiconductor devices. According to prior art, a boundary area for measuring 
the shape of an object is detected and abnormality in the shape of the object is 
analytically discriminated using a predetermined measuring algorithm, in order 
to inspect whether the object is normal or abnormal in shape. 

However, since the conventional method requires to pass through all 
20 the above procedures with respect to all the inspection objects, a large amount 
of time is consumed, and an inspection algorithm appropriate for shape of the 
inspection object should be implemented. 

FIG. 1 is a schematic view for explaining an object shape inferiority 
inspection method by means of a conventional measurement-comparison 
25 method. As depicted, the conventional object shape inferiority inspection 
method employs an algorithm for inspecting inferiority in shape of the object 
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through the two steps of 'measurement' and 'comparison' according to the 
measurement-comparison method. 

First, shape data on an inspection object 12 is measured using 
distribution of brightness of an image. For example, as shown in FIG. 1, a 

5 size "e" in a certain direction is measured in terms of the external appearance 
of the inspection object 12. Then, the measured data is compared with a 
reference data "cf of a reference model 11. If the measured size "e" is within 
the range of an allowable error of ±Ad with respect to the reference data tl d" it 
is discriminated that the inspection object 12 is normal in shape. Otherwise, it 

10 is discriminated that the inspection object 12 is abnormal in shape. 

Although the object shape inferiority inspection method using the 
conventional measurement-comparison method has shown a precision in the 
unit of subpixel, the above processes should be repeated with respect to all 
measuring elements representing characteristics in shape of the inspection 

15 object. As a result, a large amount of time is needed for calculation in 
compliance with a measurement algorithm. A shape inferiority inspection is 
performed in such a manner that only a part of alt the measuring elements 
indicating the characteristics in shape of the object is measured in order to 
reduce an inspection time. Accordingly, skill and experience are very 

20 important in setting the measuring elements to be measured, to accurately 
detect the shape inferiority. That is, the inspection is highly dependent on a 
skilled worker. 



25 



SUMMARY OF THE INVENTION 
To solve the above problems, it is an object of the present invention to 
provide a method for inspecting inferiority in shape of an object in which even 
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an unskilled worker can easily detect inferiority in shape of an object. 

To accomplish the above object of the present invention, there is 
provided a method for inspecting inferiority in shape of an object through an 
inspection image obtained from an inspection object, the object shape 

5 inferiority inspection method comprising the steps of preparing at least one 
reference image for judgment as to shape inferiority in the inspection object 
considering an allowable error for shape; obtaining the inspection image from 
the inspection object; comparing grayscales for each one part, at least, of 
portions where the reference image and the inspection image mutually 

10 correspond; and judging whether inferiority in shape of the inspection object 
exists, based on the result of the grayscale comparison. 

It is preferable that said grayscale comparison step comprises 
comparison of brightness values of each corresponding pixel of the inspection 
image and the reference image. 

15 Preferably, said reference image preparation step comprises the sub- 

steps of; obtaining a range of brightness for the pixel corresponding to a range 
of allowable error for a position value on a boundary line, on the basis of a 
function relation with a change in brightness of the pixel according to a change 
in a position value on the boundary line of the inspection object; and 

20 establishing and registering a minimum image whose brightness value is a 
minimum value of the brightness range and a maximum image whose 
brightness value is a maximum value of the brightness range, as the reference 
image. 

It is preferable that said function relation considers existence of pixel 
25 noise; for example, said function relation is accomplished from addition of or 
subtraction of the pixel noise. 
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It is effective that the grayscale comparison operation for said 
grayscale comparison step is expressed as the following equation: 

C(Q;U,L) -II[l(um(iJ)<u(iJ)] 

wherein C(Q; U T L) is a function for discriminating shape inferiority in an object, 
using the reference images U and L, when the inspection image 0 is given, 
j) is a brightness value of a pixel positioned at a coordinate (ij) of the minimum 
image L, q(ij) is a brightness value of a pixel positioned at a coordinate (i,j) of 
the inspection image Q x and u(i,j) is a brightness value of a pixel positioned at 
a coordinate (ij) of the maximum image U. 

It is also effective that said inspection image and said reference image 
are expressed in terms of grayscale. 

BRIEF DESCRIPTION OF THE DRAWINGS 
The object and other advantages of the present invention will become 

more apparent by describing in detail the structures and operations of the 

present invention with reference to the accompanying drawings, in which: 

FIG. 1 is a schematic view for explaining an object shape inferiority 

inspection method by means of a conventional measurement-comparison 

method; 

FIG. 2 is a schematic view for explaining an object shape inferiority 
inspection method by means of a grayscale comparison method according to 
the present invention; 

FIGs. 3a and 3b are graphical views for explaining a change in 
brightness of a pixel according to a position of a boundary line of an inspection 
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object; 

FIGs. 4a and 4b are graphical views for explaining a process of 
obtaining a brightness range including an allowable error considering that pixel 
noise exists; and 

5 FIG. 5 shows an image of a lead frame which is used for a shape 

inferiority inspection. 

DETAILED DESCRIPTION OF THE INVENTION 
A preferred embodiment of the present invention will be described in 
10 detail with reference to the accompanying drawings. 

FIG. 2 is a schematic view for explaining an object shape inferiority 
inspection method by means of a grayscale comparison method according to 
the present invention. 

Referring to FIG. 2, an object shape inferiority inspection method by 
is means of a grayscale comparison method according to the present invention, 
is conducted as follows; 

First, as a reference for a shape inferiority inspection, a reference 
image 22 is established and registered, in which the reference image 22 is 
expressed as a brightness value of each pixel expressed in terms of a 
20 grayscale with respect to a reference model 21. The reference image 22 
includes a minimum image composed of pixels having minimum brightness 
values within an allowable error range for shape and a maximum image 
composed of pixels having maximum brightness values within an allowable 
error range for shape. 
25 Then, a brightness value of each pixel in an inspection image 24 of an 

inspection object 23 which is obtained via a camera (not shown) is compared 
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with that of the established and registered reference image 22, in order to 
inspect whether the inspection object 23 is normal or abnormal in shape. If a 
brightness value of each pixel in an inspection image 24 is within the allowable 
error range of the brightness value in each corresponding pixel designated by 
the minimum image and the maximum image which are the reference image 
22 of the reference model 21, it is discriminated that the inspection object is 
normal in shape. Otherwise, it is discriminated that the inspection object is 
abnormal in shape. 

The reference image 22 which is used as a shape inferiority inspection 
reference is obtained through the following procedure: 

FIGs. 3a and 3b are graphical views for explaining a change in 
brightness of a pixel according to a position of a boundary line forming the 
shape of an inspection object. 

In FIG. 3a, a circle P indicated in a dotted line represents a pixel unit, 
and oblique fines l h l 2 and l 3 mean boundary lines of an inspection object 23. 
Assuming that a position value X is O(zero) in a case that the boundary line /, is 
circumscribed with a pixel P and the pixel P is not included in the inspection 
object 23, a position value X is 0.5 in a case that the boundary line 1 3 passes 
through the central area of the pixel P, and a position value is 1 in a case that 
the boundary line l 3 is circumscribed with the pixel P and the pixel P is 
completely included in the inspection object 23, a brightness with respect to 
the position value M X' varies as shown in FIG. 3b. Thus ? if a brightness value 
"b u is given, a position "X' of -a boundary fine can be estimated at the 
corresponding area through the graph of FIG. 3b. Based on the bright values, 
it can be discriminated whether a pixel belongs to an inspection object, the 
former does not belong to the latter, or the former exists on a boundary line of 
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the latter. 

In a case that the boundary line l 2 of the inspection object 23 passes 
through the central area of a unit pixel P, a method for discriminating whether 
the boundary line l 2 of the inspection object is positioned within the allowable 

5 error range AX is as follows: 

Through the pixel brightness graph l(x) shown in FIG. 3b, a boundary 
line position X of the reference model 21 is identified. Then, as shown in FIG. 
4a, a brightness range Ab corresponding to the allowable error range AX is 
obtained. Then, when a shape inferiority inspection for the inspection object 

10 23 is performed, it is checked whether a brightness value of each 
corresponding pixel in the inspection image 24 is included in the brightness 
range Ab. If the brightness value of the corresponding pixel in the inspection 
image 24 is included in the brightness range Ab of a corresponding pixel of the 
reference image, it is discriminated that the shape of the inspection object 23 is 

15 normal Otherwise, it is discriminated that the shape of the inspection object 
23 is abnormal. 

Meanwhile r pixel noise existing in an image causes an error in an 
inferiority inspection work while a set of processes as described above are 
being conducted. FIG. 4b is a graphical view for explaining a process of 

20 obtaining a brightness range, Ab\ considering existence of the pixel noise, 
showing that I(x)± An which is obtained by adding the pixel noise ±An to the 
pixel brightness value I(x) of FIG. 4a. 

In a case that pixel noise An exists, a boundary line position X 
corresponding to a brightness b' is given a range AX 1 as shown in FIG. 4b. 

25 Here, considering a position allowable error AX, the boundary line position 
becomes a range AX 2t which equals AX^AX. Thus, the range of the 
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brightness including the position allowable error AX becomes Ab\ 

When using the brightness range Ab\ a position of the boundary line 
actually distinguishable is AX' due the pixel noise. Thus, the distinguishable 
position range due to the pixel noise is increased from AX to AX f . As the pixel 
noise is smaller, the distinguishable range AX' converges to AX. 

The maximum value and the minimum value of the brightness range 
A/?' obtained through the above processes are used in forming a maximum 
image U and a minimum image L. As described above, these two images are 
used as the reference image 22 for discriminating shape inferiority in the 
inspection image 24. 

Assuming that an inspection image is 0 , and the maximum image and 
the minimum image as the reference image are U and L, respectively, a 
function C(Q;U,L) for discriminating shape inferiority in an object can be 
expressed as the following equation: 

C(Q;U,L)=H[l(iJ)^(iJ)&(iM .-(1) 

wherein l(ij) is a brightness value of a pixel positioned at a coordinate (ij) of 
the minimum image L, g(i, j) is a brightness value of a pixel positioned at a 
coordinate (ij) of the inspection image £>, and u(i,j) is a brightness value of a 
pixel positioned at a coordinate (ij) of the maximum image U. 

In a case that a pixel P belongs to the background of the inspection 
image 24, that is, the boundary line of the inspection object 23 is l } and a pixel 
P belongs to the inspection image 24, that is, the boundary line of the 
inspection object 23 is I 3t an object shape inferiority calculation method 
performs the same procedure as in the case where a boundary line of an 
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inspection object is located on a pixel. 

That is, a brightness range according to an allowable error in position 
is obtained from the graph of the pixel brightness I(x) with respect to the 
position as shown in FIG. 3b - the graph of FIG. 4b if pixel noise exists. 

5 Based on the judgment as to whether a brightness value of each 
corresponding pixel in an inspection object is included in the obtained 
brightness range, the shape inferiority of the inspection object is discriminated. 
That is, the minimum brightness value and the maximum brightness value in 
the obtained brightness range are used in forming the minimum image and the 

10 maximum image, respectively. 

The pixel brightness values of the maximum image and the minimum 
image which are reference images, formed through the above procedure, are 
compared with the brightness values of corresponding pixels in the inspection 
image, to thereby discriminate whether the inspection object is inferior in shape 

15 or not. 

In judging whether shape inferiority of the inspection object is 
discriminated, if brightness values of all the pixels belonging to the inspected 
area are within an allowable error range determined by the minimum image 
and the maximum image, it is discriminated that the inspection object is normal 
20 in shape. Otherwise, it is checked that the inspection object is abnormal in 
shape. 

However, the inspection area which is a collection of pixels whose 
brightness values are compared,- in the inspection image of the inspection 
object, can be a full area of the inspection image or only a local area thereof, 
25 as necessary, and the reference image, that is, the maximum image and the 
minimum image can also have pixel brightness values oniy in a necessary 
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inspection area. 

Meanwhile, the criteria to finally judge whether the inspection object is 
inferior in shape or not can be different as necessary, based on what the 
inspection object is. For example, pixels of 80% or more belonging to the 
5 inspection area have brightness values within the allowable error range, it can 
be judged that the inspection object is normal in shape. 

The following Table 1 shows the experimental results using an image 
of a lead frame as shown in FIG. 5, following an object shape inferiority 
inspection method using a conventional measurement-comparison method 
10 and an object shape inferiority inspection method using a grayscale 
comparison method according to the present invention. 



Tab)? 1 

Experimental results from a conventional measurement-comparison method 
15 and a grayscale comparison method according to the present invention. 



Inspection method 


Conventional method 


Method by the present 
invention 


Calculation time 


6msec/one-time 
measurement 


0.4p,sec/one-time 
measurement 


Inspection area 


Local area 


Full area 


Remarks 


Measuring position: 
dependent upon 
experience of the skilled 
worker 


1 . Various applications 
available 

2. Inspection on foreign 
matters and pollution 
available 



As can be seen from the above Table 1, the conventional method 
consumes 6 msec for one time measurement whereas the method according 
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to the present invention consumes 0.4^isec, Thus, in a case that an image 
totaling to 300,000 pixels in the lead frame shown in FIG. 5 is inspected, the 
present invention method consumes 120 msec in measuring 20 portions at 
maximum, but the conventional method consumes 1,800 seconds (30 minutes) 

5 in measuring 20 portions at maximum. As such, the conventional method 
consumes a large amount of time, for which an inspection area has to be 
limited to a local area not the entire area. 

As described above, the object shape inferiority inspection method 
according to the present invention reduces the conventional two-step process 

10 through measurement and comparison into a one-step process comparing 
grayscales of corresponding pixels. Accordingly, the time required for 
inspecting inferiority in shape of an object can be greatly reduced. A shape 
inferiority over the entire area of an object can be detected. 

The object shape inferiority inspection method according to the present 

15 invention can be applied to a semiconductor manufacturing process which 
requires high-speed and high-precision since it can detect the shape inferiority 
as for an object having an allowable error of a subpixel unit. In addition, 
pollution occurring during a semiconductor manufacturing process and a 
product inferiority due to a foreign matter can be detected. 

20 Although the present invention has been described in connection with 

a preferred embodiment thereof, it will be appreciated by those skilled in the art 
that additions, modifications, substitutions and deletions not specifically 
described may be made without -departing from the spirit and scope of the 
invention as defined in the appended claims. 
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WHAT IS CLAIMED IS: 

1. A method for inspecting inferiority in shape of an object through an 
inspection image obtained from an inspection object, the object shape 
inferiority inspection method comprising the steps of: 

5 preparing at least one reference image for judgement of shape 

inferiority in the inspection object considering an allowable error for shape; 
obtaining the inspection image from the inspection object; 
comparing grayscales for each one part, at least, of portions where the 
reference image and the inspection image mutually correspond; and 
10 judging whether inferiority in shape of the inspection object exists, 

based on the result of the grayscale comparison. 

2. The shape inferiority inspection method of claim 1, wherein said 
grayscale comparison step comprises comparison of brightness values of each 
corresponding pixel of the inspection image and the reference image. 

15 3. The shape inferiority inspection method of claim 2, wherein said 
reference image preparation step comprises the sub-steps of: 

obtaining a range of brightness for the pixel corresponding to a range 
of allowable error for a position value on a boundary line, on the basis of a 
function relation with a change in brightness of the pixel according to a change 

20 in a position value on the boundary line of the inspection object; and 

establishing and registering a minimum image whose brightness value 
is a minimum value of the brightness range and a maximum image whose 
brightness value is a maximum value of the brightness range, as the reference 
image. 

25 4. The shape inferiority inspection method of claim 3, wherein said 
function relation considers existence of .pixel noise. 
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5. The shape inferiority inspection method of claim 3, wherein said 
function relation is accomplished from addition of or subtraction of the pixel 
noise. 

6. The shape inferiority inspection method of claim 2, wherein the 
grayscale comparison operation for said grayscale comparison step is 
expressed as the following equation: 

C(Q;U,L)-II[l(ij)<q(ij)<u(iJ)] 

wherein C(0; U,L) is a function for discriminating shape inferiority in an object, 
using the reference images £/and Z,, when the inspection image Q is given, 
j) is a brightness value of a pixel positioned at a coordinate (i, j) of the minimum 
image L t q(ij) is a brightness value of a pixel positioned at a coordinate (i,j) of 
the inspection image Q, and u(i t j) is a brightness value of a pixel positioned at 
a coordinate (ij) of the maximum image U. 

7. The shape inferiority inspection method of claim 1, wherein said 
inspection image and said reference image are expressed in terms of 
grayscale. 
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or of any PCT international application having a filing date before that of the application on which priority is claimed. 



Prior Foreign Application 
Number(s) 



Country 



Foreign Filing Date 
(MM/DD/YYYY) 



Priority 
Not Claimed 



Certified Copy Attached? 
YES NO 



1998/47291 



Korea 



11/05/1998 



□ 
□ 
□ 
□ 



□ 
□ 
□ 
□ 



El 
□ 
□ 
□ 



□ Additional foreign application numbers are listed on a supplemental priority data sheet PTO/SB/02B attached hereto: 



i hereby claim the benefit under 35 U.S.C. 119(e) of any United States provisional application(s) listed below. 



Application Number(s) 



Filing Date (MM/DD/YYYY) 



[ I Additional provisional application 
numbers are listed on a 
supplemental priority data sheet 
PTO/SB/02B attached hereto. 



+ 
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Burden Hour Statement: This form is estimated to take 0.4 hours to complete. Time will vary depending upon the needs of the 
individual case. Any comments on the amount of time you are required to complete this form should be sent to the Chief Information 
Officer, Patent and Trademark Office, Washington, DC 20231. DO NOT SEND FEES OR COMPLETED FORMS TO THIS 
ADDRESS. SEND TO: Assistant Commissioner for Patents, Washington, DC 20231. 



. . PTO/SB/01 (12-97) I 

Please type a plus sign (+) inside this box -* [+J Approved for use through 9/30/00. OMB 0651-0032 ™| 

type * pv* y V } I i patent an(j Trademark 0ffjce; y s< DEPARTMENT OF COMMERCE 1 

Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless ft contains 

a valid OMB control number. ____^^__^_^^^__^^^^„__„^^^^^ 



DECLARATION — Utility or Design Patent Application 



I herebv claim the benefit under 35 U.S.C. 120 of any United States appiication(s), or 365(c) of any PCT international application designating the 
UnHed sSof^ Ame^ ^ teloW and, insofar as the subject matter of each of the claims of this appiicat.on is not disclosed m the pnor 
United States or PCT international application in the manner provided by the first paragraph of 35 U.S.C. 112 I acknow edge the duty to djsciose 
Srmation which is material to patentability as defined in 37 CFR 1.56 which became available between the filing date of the prior application 
and the national or PCT international filing date of this application, 



a<? , imemnr i iwAhv spnnint ih R following registered practi tioner(s) to prosecute this app lication and to transact ail business in the Patent 



and Trademark Office connected therewith: □ Customer Number 

Of! 



□ Additional registered practitioner(s) named on supplemental Rejge rec{ Practitioner Information sheet PTO/SB/02C attached 



U.S. Parent Application or PCT Parent 
Number 



PCT/KR99/00663 



Parent Filing Date 
(MM/DP/YYYY) 



11/05/1999 



Parent Patent Number 
(if applicable) 



Additional U.S. or PCT international application numbers are listed on a supplemental priority data sheet PTO/SB/02B attached hereto. 



BI Registered practitioner(s) name/registration number listed below 



Place Customer 
Number Bar Code 



Name 



Robert E. Bushnell 



Registration 
Number 



Name 



Registration 
Number 



hereto. 



Direct all correspondence to: □ Customer Number 

or Bar Code Label 



OH [Z3 Correspondence address below 



Name 



Ao^ress 



Address 



City 



Country 



Robert E. Bushnell & Law Firm 



1522 K Stree t. Suite-lOP 



Washington 



State 



USA 



[telephone] 202-408-9040 



ZIP 



20 005-1202 



Fax 202-628-0755 




application or any patent issued thereon 



Name of Sole or First Inventor: 



□ A petition has been filed for this unsigned inventor 



Given Name (first and middle fif anvil 



jyiyounq-iin 



family pvJamft or Surname 



KIM 



Inventor's 
Signature 



Residence: City 



Post Office Address 



Post Office Address 



City 



Suvon 



State, 



. Kyunqki 



Country 



Korea 



Date 



Citizenship 



Korea 



101-106 Hankook Apt./ Maetan-4dong / Paldal-ku 



Suwon 



state Kyungki \ aP 442-374 



Country 



Korea 



□ Additional inventors are being named on the supplemental Additional inventor(s) sheet(s) PTQ/SB/Q2A attached hereto 
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